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Porcine epidemic diarrhea virus (PEDV) is a member of the family Coronaviridae and can cause severe outbreaks of diarrhea in
piglets from different age groups. Here, we report the complete genome sequence (28,028 nt) of a PEDV strain isolated during a
novel outbreak in Belgium.
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Porcine epidemic diarrheic virus (PEDV) caused outbreaks ofdiarrhea in Europe from the 1970s to the 1990s, but has since
been reported only sporadically in the last few decades (1, 2).
From 2010, severe outbreaks with mortality have been identified
in Asia, and since the spring of 2013, the virus was detected for the
first time in U.S. swine herds (3–9). Genetically, these American
isolates were highly related (99.5% nucleotide similarity) to Asian
PEDV strains (8, 10). In January 2014, a novel PEDVvariant strain
OH851 was isolated in the United States, which was associated
withmilder disease symptoms (11). Similar strains contained sev-
eral deletions and insertions in their spike genes and were there-
fore called INDEL strains (6). In May 2014, an outbreak of diar-
rhea occurred in fattening pigs on aGerman farm, and the isolated
strains were genetically almost identical to U.S. strain OH851
(12).
An outbreak of diarrhea in fattening pigs occurred on a Belgian
pig farm at the end of January 2015, and the presence of PEDV
RNA in the feces of these pigs was demonstrated using an in house
RT-qPCR assay targeting the nucleocapsid gene. This was the first
confirmed PEDV case in Belgium in decades. Therefore, the com-
plete genome of this novel isolate, BEL/15V010/2015, was unrav-
eled by next-generation sequencing, in order to assess its genetic
relation to other PEDV isolates circulating around the globe. Viral
particles were purified, RNA was extracted using the QIAamp Vi-
ral RNA mini kit (Qiagen), and whole transcriptome amplifica-
tionwas performed (WTA2kit, SigmaAldrich) to generate cDNA.
The sequencing library was prepared using the Nextera XT DNA
library preparation kit (Illumina). Sequencing was performed on
a HiSeq 2500 platform (Illumina) for 301 cycles (150-bp paired-
end reads). Raw reads were trimmed for quality and adapters us-
ing Trimmomatic (13), and reads were mapped using BWA
against the German PEDV strain L00721 (GenBank LM645057)
(14). Remaining gaps were closed using Sanger sequencing.
Isolate 15V010 contained a genome with a size of 28,028 nu-
cleotides (nt), excluding the poly-A tail. Open reading frame 1
(ORF1), encoding the replicase polyprotein, was located between
nt 293 and 12601 and between nt 12601 and 20637, with a ribo-
somal frameshift between both parts. The other genes were ar-
ranged as follows: spike (S), nt 20634 to 24785; accessory mem-
brane protein (mp, ORF3), nt 24785 to 25459; envelope (E), nt
25440 and 25670); membrane (M), 25678 to 26358; and nucleo-
capsid (N), nt 26370 to 27695.
At the whole-genome level, strain 15V010 was most closely
related to strain L00721 (99.9% nucleotide similarity) isolated in
Germany in 2014, and the prototype U.S. INDEL strain OH851
(99.4%). Strain 15V010 was less closely related to the former pro-
totype European strain CV777 (97.0%).
In conclusion, a PEDV strain from a novel outbreak in Bel-
gium was characterized and showed high relatedness to recent
German PEDV isolates and U.S. PEDV INDEL strains. Our
findings indicate that PEDV is still or again circulating in Eu-
rope. Surveillance and development of prophylactic measures
are urgently needed.
Nucleotide sequence accession number. The complete ge-
nome sequence of PEDV BEL/15V010/2015 has been deposited at
GenBank under the accession number KR003452.
ACKNOWLEDGMENTS
This work was financially supported by the Laboratory of Virology from
Ghent University, and by the Laboratory of Clinical and Epidemiological
Virology from the KU Leuven–University of Leuven. S.T. was supported
by a fellowship of the Special Research Fund of Ghent University. N.C.N.
and I.D.R. were supported by doctoral fellowships from the Institute for
the Promotion of Innovation through Science and Technology in Flan-
ders (IWT Vlaanderen).
crossmark















1. Martelli P, Lavazza A, Nigrelli AD, Merialdi G, Alborali LG, Pensaert
MB. 2008. Epidemic of diarrhoea caused by porcine epidemic diarrhoea
virus in Italy. Vet Rec 162:307–310. http://dx.doi.org/10.1136/
vr.162.10.307.
2. Pensaert MB, de Bouck P. 1978. A new coronavirus-like particle associ-
ated with diarrhea in swine. Arch Virol 58:243–247. http://dx.doi.org/
10.1007/BF01317606.
3. Luo Y, Zhang J, Deng X, Ye Y, Liao M, Fan H. 2012. Complete genome
sequence of a highly prevalent isolate of porcine epidemic diarrhea virus in
South China. J Virol 86:9551. http://dx.doi.org/10.1128/JVI.01455-12.
4. Gao Y, Kou Q, Ge X, Zhou L, Guo X, Yang H. 2013. Phylogenetic
analysis of porcine epidemic diarrhea virus field strains prevailing recently
in China. Arch Virol 158:711–715. http://dx.doi.org/10.1007/s00705-012
-1541-2.
5. Fan H, Zhang J, Ye Y, Tong T, Xie K, Liao M. 2012. Complete genome
sequence of a novel porcine epidemic diarrhea virus in south China. J
Virol 86:10248–10249. http://dx.doi.org/10.1128/JVI.01589-12.
6. Vlasova AN, Marthaler D, Wang Q, Culhane MR, Rossow KD, Rovira
A, Collins J, Saif LJ. 2014. Distinct characteristics and complex evolution
of PEDV strains, North America, May 2013–February 2014. Emerg Infect
Dis 20:1620–1628. http://dx.doi.org/10.3201/eid2010.140491.
7. Jung K, Wang Q, Scheuer KA, Lu Z, Zhang Y, Saif LJ. 2014. Pathology
of US porcine epidemic diarrhea virus strain PC21A in gnotobiotic pigs.
Emerg Infect Dis 20:662–665. http://dx.doi.org/10.3201/eid2004.131685.
8. Marthaler D, Jiang Y, Otterson T, Goyal S, Rossow K, Collins J. 2013.
Complete genome sequence of porcine epidemic diarrhea virus strain
USA/Colorado/2013 from the United States. Genome Announc 1(4):
e00555-13. http://dx.doi.org/10.1128/genomeA.00555-13.
9. Stevenson GW, Hoang H, Schwartz KJ, Burrough ER, Sun D, Madson
D, Cooper VL, Pillatzki A, Gauger P, Schmitt BJ, Koster LG, Killian
ML, Yoon KJ. 2013. Emergence of Porcine epidemic diarrhea virus in the
United States: clinical signs, lesions, and viral genomic sequences. J Vet
Diagn Invest 25:649–654. http://dx.doi.org/10.1177/1040638713501675.
10. Chen Q, Li G, Stasko J, Thomas JT, Stensland WR, Pillatzki AE, Gauger
PC, Schwartz KJ, Madson D, Yoon KJ, Stevenson GW, Burrough ER,
Harmon KM, Main RG, Zhang J. 2014. Isolation and characterization of
porcine epidemic diarrhea viruses associated with the 2013 disease out-
break among swine in the United States. J Clin Microbiol 52:234–243.
http://dx.doi.org/10.1128/JCM.02820-13.
11. Wang L, Byrum B, Zhang Y. 2014. New variant of porcine epidemic
diarrhea virus, United States, 2014. Emerg Infect Dis 20:917–919. http://
dx.doi.org/10.3201/eid2005.140195.
12. Hanke D, Jenckel M, Petrov A, Ritzmann M, Stadler J, Akimkin V,
Blome S, Pohlmann A, Schirrmeier H, Beer M, Höper D. 2015. Com-
parison of porcine epidemic diarrhea viruses from Germany and the
United States, 2014. Emerg Infect Dis 21:493–496. http://dx.doi.org/
10.3201/eid2103.141165.
13. Bolger AM, Lohse M, Usadel B. 2014. Trimmomatic: a flexible trimmer
for Illumina sequence data. Bioinformatics 30:2114 –2120. http://
dx.doi.org/10.1093/bioinformatics/btu170.
14. Li H, Durbin R. 2009. Fast and accurate short read alignment with
Burrows–Wheeler transform. Bioinformatics 25:1754–1760. http://
dx.doi.org/10.1093/bioinformatics/btp324.
Theuns et al.




ber 8, 2015 by UNIVERSITEIT G
ENT/UZG
ENT
http://genom
ea.asm
.org/
D
ow
nloaded from
 
